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1. SCOPE
1.1 Scope. This specification covers the general requirements and characteristics of
optical fibers for signal transmissien. The fiber is defined as the core, cladding, and
protective coatings applied during the fiber drawing process.

1.2 Classification. The optical fibers specified herein shall be categorized a»s
follows:

ignation shall be defined by the mode volume of the aptical
'

Type I. Multimode (MM).
Type 11I. Single-mode (SM).

1.2.2 class. The class designation for multimode fibers shall be defined by the nature

=24833 .
refractive index profile, given by the profile parameter (g). The class designation

r single-mode fibers shall be determined by the nature of their dispersion
aracteristics.

Soa

Multimode (Type 1) fibers.
Class 1. Graded index: 3>g>1l.
Ciaas 2. Quasi-graded index: 10>g>3.
Class 3. Step index: g>10.
Class 4. Other.

Single-mode (Type Il) fibersa.

Class 5. Dispersion unshifted.
Class 6. Dispersion shifted.
Class 7. Dispersion flattened.
Class 8. oOther.

I
|Beneficial comments (recommendations, additions, deletions) and any pertinent data whichl
jmay be of use in improving this document should be addressed to: US Army {
iIComminications Electronics Command, ATTN: AMSEL-ED-TM, Fort Monmouth, NJ. 07703-50

!
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{appearing at the end of this document or by latter. |

AMSC N/A Page 1 of 10 FSC 6010
DISTRIBUTION STATEMENT A. Approved for public release; diatribution ia unlimited.

Source: https://assist.dla.mil -- Downloaded: 2016-12-31T20:47Z
Check the source to verify that this is the current version before use.



MIL-F-492918B

1.2.3 Composition. Thae composition designation shall be defined by the composition of
the optical fiber core and cladding (see 6.4.5 and 6.4.16)

A. Glass and Glass.
B. Glass and Plaasticz,
€. Plastic and Plastic.

1.2.4 Size. The size designation shall be defined by the diameter the optical
core and cladding in micrometers {(um). .- . -

1. 4.0 - 8.5 um (Range of nominal mode field diameter at 1550 + 20 nancmeters (nm))
/125 ym.
I1. 8.5 <10 um (Range of nominal mode field diameter at 1310 + 20 nanometers (nm))
/125 pm.
III. 50/125 um.
IV. 62.5/125 um.
V. 100/140 um.
VI. 200/230 um.
VII. 400/430 um.

1.2.5 Wavelength. The wavelength designation shall be defined by the primary
wavelengths of operation of the fiber.

A. 850 nm.

B. 850 and 1300 nm.
C. 1300 nm.

D. 1300 and 1550 nm.
E. 1550 nm.

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specification and standards. The following specifications, standards and
handbooks form a part of this document to the extent specified herein. Unless otherwise
specified, the issues of these documents are those listed in the issue of the Department
of Defense Index of Specifjications and S5tandards (DODIS5) and supplement thereto, cited in
the sclicitation (see 6.2).

STANDARDS
MILITARY
MIL-5TD-12% - Marking for Shipment and Storage.
MIL~-STD-202 - Test Methods for Electronic and Electrical Component Parts.
MIL~STD-454 - Standard General Requirements for Electronic Egquipment.
MIL-STD-790 - Product Assurance Program Requirements for Electronic and Fiber
Optic Parts Specifications.
MIL~STD-810 - Environmental Test Methods and Engineering Guidelines.
MIL~STD-1285 - Identification Marking of U.S5. Military Property.
DOD-STD-1678 ~ Test ¥ethods and Instrumentations, Fiber Optics.
MIL-STD-4L56GR7 = Calibration Svatems Reguirements

frm Al AT AUV mRiiMLRLANI] Sy Seas Tintiihe .

(Unless otherwise indicated, copies of federal and military specifications, standacrds,
and handbooks are available from the Standardization Documents Order Desk, Building 4D,
700 Robbins Avenue, Philadelphia, PA 19111-5094.)

2.2 Non-Government publicationa. The following documents form a part of this
specification to the extent specified herein. Unless otherwise specified, the issues of
the documents which are DOD adopted shall be those listed in the issue of the DODISS cited
in the sclicitation. Unless otherwise specified,,the issues of documents not listed in
the DODISS are the issues of the document cited in the solicitation (see 6.2).
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NATIONAL AERONAUTICAL AND SPACE ADMINISTRATION (NASA)

Flammability, Odor and Offgassing and Compatibility Requirements
and Test Procedures for Materiala in Environments that Support
Combustion.

{Application for copies should be addressed to Office of Safety and Mission Quality,

(code QR), MASA, Headquartera, Washington, DC 20546.) -

. & & & &

EIA~440
EIA-455
EIA-455-13

=ACE_"HM
EIA=-455-20

EIA/TIA-455-28

EIA-455-31
EIA-455-46

EIA-455-51
ELA-455-54

El1A-455-58
EIA/TIA-455-59
EIA/TIA-455-60
EIA-455-62
EIA-455-63
EIA-455-65
EIA/TIA-455-75
EIA-455-78

EIA-455-80
EIA-455-164

EIA-455-187

EIA-455-173

EIA/TIA-455-176

EIA/TIA-455-177
EIA/TIA-455-178

[}

ELECTRAONICS INDUSTRIES ASSOCIATION {(EIA)

Fiber Optic Terminclogy.

Standard Teat Procedures for Fibher Optic Pibers, Cables,
Tranaducers, Connecting and Terminating Devices.

visual and Mechanical Inspection of Fibers, Cables,
Connectors and/or Other Fiber oOptic Davices.

Measurement of Change in Optical Transmittance.

Method for Measuring Tensile Pailure Point of Optical Waveguide
FPibers.

- Fiber Tensile Proof Test Method.
- Spectral Attenuation Measurement for Long-Length,

[ I I D I B B I )

Graded-Index Optical Fibers.

Light Launch Cenditions for Long-Length Graded-Index
Optical Fiber Spectral Attenuation Measurement.

Pulse Distortion Msasurement of Multimode Glass optical Fiber
Information Tranamission Capacity.

Mode Scrambler Requirements for Overfilled Launching
Conditions to Multimode Fibers.

Core Diameter Mcasurement of Graded-Index Optical Fibers.
Measurement of Fiber Point Defacts Using an OTDR.
Measurement of Fiber or Cable Length Uaing an OTDR.

Optical Piber Macrobend Attenuaticn.

Optical Fiber Flexure Teat.

Optical Piber Flexure Test.

Fluid Immeraion Test for Optical Waveguide Fibers.

Spectral Attenuation Cutback Measurement for Single-Mode
optical Pibers.

Cutoff Wavelength of Uncabled Single-Mode Fiber By
Tranamjitted Power.

Single Mode Fiber, HMeasurement of Mode Field Diameter by Far
Field Scanning.

Mode Field Diameter Measurement-Variable Aperture Method in
Far-Field.

Coating Geometry Measurement for Optical Fiber Side-View
Method.

Chromatic Dispers
a

i aasu
Differential Phase Shift Method
Measurement Method for Optical Fiber GCeometry by Autcmated Grey
Scale Analysis.

t of Optical Fibers by t

- Humerical Aperture Measurement of Graded-iIndex Optical Fibera.
- Measurements of 5trip Force Required for Mechanically

______ [ gl maY B e -

Removing Coatings from Optical Fibers.

(Application for copies should be addressed to the Electronics Industries Association

ASTH-E-595

* Adopted by DoD

(BIA), 2001 Bye Street, NW, Washington, DC 20006.)

AMERICAN SOCIETY FOR TESTING OF MATERIALS (ASTM)

Standard Test Method for Total Mass Loss and Collected Volatile
Condensable Materials from Outgassing in a Vacuum Environment.

(Application for copies of ASTM Publications should be addressed to the American Society
for Testing and Materials,

1916 Race Street, Philadelphia, PA 15103}.

-
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{Non government standards and other publications are normally available from the
organizations which prepare or which distribute the documents. Theae documents also may
be available in or through libraries or other informational services.)

2.3 Order of precedence. In the event of a conflict between the text of this document
and the references cited herein (except for related associated detail specifications,
specification sheets, or MS standards), the text of this document takes precegdence.
Nothing in this document, however, supersedes applicable laws and regulations unless a
specific exemption has been cbtained.

3. REQUIREMENTS

J.1 Specification sheets. The individual item reguirements for optical fibers shall be
as specified herein and in accordance with the applicable apecification sheet. 1In the
event of any conflict between the requirements of this specification and the specification
sheet, the latter shall govern.

3.2 Qualification. Optical fibers furnished under this specification shall be products
which are authorized by the qualifying activity for listing on the applicable qualified
preducts list at the time of award of contract (see 4.5 and 6.3). The provisions of 4.5.4
for retention of qualification are included in this reguirement.

3.3 Product assurance requirements. The product assurance requirements of the optical
fibers furnished under this specification shall be established and maintained in
accordance with the procedures and requirements specified in MIL-STD-750 with details
specified in 4.1.2.

3.4 Materials (see 4.7.1). The fiber shall be constructed of material as specified
{see 3.1). Raw materials selected for fiber manufacture shall be of a type and gquality to
assure compliance with the requirements of thia specification, and shall be physically and
chemically compatible for their intended use throughout the intended lifetime. All
materials used shall be non conductive unless otherwise specified (see 3.1) and non
nutrient to fungus. Where new and questionable material is being considered for use, the
contractor shall furnish the toxicological data required to evaluate the safety of the
material for the proposed use. Materials used in fiber construction shall not emit toxic
or explosive fumes when exposed to flame, and shall have no adverse effect on the health
of personne]l when used for its intended purpose. Polyvinyl chloride (PVC) material shall
not be used.

3.4.1 Recovered materials. Unless otherwise specified herein, all materials
incorporated in the products covered by this specification shall be new. Products may be
fabricated using raw materials produced from recovered bulk materials to the extent
practicable if the intended use of the product is not jeopardized. The term "recovered
material™ means materials which have been collected or recovered from solid waste and
reprocessed to become part of a source of raw materials, as opposed to virgin raw
materials. None of the above shall be interpreted to mean that the use of partially
processed, assembled, used or rebuilt products are allowed under this specification.

3.4.2 Materials for space applications. When specified, materials used in space flight
applications shall meet the following additional material requirements.

3.4.2.1 Thermal vacuum outgassing. All non-metallic materials shall not exhibit greater
than 1.0 percent total mass loss and shall not produce greater than 0.1 percent collected
volatile condensable materials when tested in accordance with 4.7.2.5.1.

3.4.2.2 odor. Non-metallic materials shall rate not greater than 2.5 when tested in
accordance with 4.7.2.5.2.

3.4.2.3 Toxicity. When tested in accordance with 4.7.2.5.3, all non-metallic materials
shall not exceed a total hazard index of 0.5. !

3.5 Deaign and construction (see 4.7.2). The design, construction, and physical
dimensiona of the complete fiber shall be as specified herein and in the specification
sheet (see 3.1).

Source: https://assist.dla.mil -- Downloaded: 2016-12-31T20:47Z
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3.5.1 optical fiber. Optical fibers shall be sufficiently free of imperfections,
inclusions and impurities other than dopants, to conform to the apecified atrength and
optical transmission requirementa. The optical fiber shall be coated with a suitable
material to preserve the high pristine tensile strength of the fiber.

3.5.1.1 Splices. Unless otherwise specified {see 3.1 and 6.2), the fibera shall be
splice-free. When specified, spliced fibers shall meet all dimensional, mechanical, and
environmental requirements as unapliced fiber. The coating of spliced fibers.shall be
reconatituted in auch a manner as to not change the diameter of the coating by more than
the percentage specified {see 3}.1). When specified, splice loss shall be as specified in
the applicable apecification asheet {(aee 3.1).

3.5.1.2 Geometry {fiber). The fiber geometry shall be as specified below.

3.5.1.2.1 Core diameter (for multimode fibers only}. When teated in accordance with
4.7.2.1.1, the core diameter shall be as apecified (see 3.1).

3.5.1.2.2 Mode field diameter (for single~mode fibers only). When tested in accordance
with 4.7.2.1.2, the nominal mode field diameter and mode field diameter tolerance for
single-mode fiber shall be as aspecified (see 3.1}.

3.5.1.2.3 Core ovality {miltimode fiber only). When tested in accordance with
.2.1.3, the core ovality shall be as specified (see 1.1}).
.S

-1.2.4 Cladding diameter. When tested in accordance with 4.7.2.1.4, the cladding
diamete: shall be as specified (aee 3.1}.

3.5.1.2.5 Cladding ovality. Wwhen tested in accordance with 4.7.2.1.5, the cladding
ovality shall be as specified (see 13.1).

3.5.1.2.6 Core-to-cladding offset. When tested in accordance with 4.7.2.1.6, the
core-to-cladding offset shall be as specified (see 3.1).

T & 1 3% 1 frantine Al amatraw Lhan
T edoina waliy LiGUSVSI . waull ©

diameter ahallvbe a3 specified {see 3.;

ste
).

3.5. .2 8 Overall coating concentricity ratio (OCCR). When teated in accordance with
4.7.2.1.8, the overall coating concentricity ratio 3hall be as specified (see 3.1).

3.5.1.3 Fiber mass/unit length {(kg/km). When tested in accordance with 4.7.2.4, the
fiber mass/unit length expressed as kilograms/kilemeter shall be as specified (see 3.1).

3.5.2 Tenaile proof. When teated in accordance with 4.7.2.2, the proof tested tensile
strength of the fiber shall be as specified (see 3.1).

3.5.3 Mechanical strippability. When tested in accordance with 4.7.2.3, the fiber
coating shall be mechanically strippable with commercially available stripping tools.
There shall be no acratches, nicks, or inclusions in the stripped fibers or residual
coating material on the stripped fiber which cannot be easily removed with a cotton pad or
a wipe moistened with 90 percent concentration isopropyl alcohol. The paximum strip force
shall be not less 1.8 N and not greater than 13.2 N.

3.5.4 Continuous lengths. Unless otherwise specified (see 3.1), the individual
continucus lengths of finished fiber in each inspection lot shall be 1100 meters minimum.
A spool shall contain no more than one continuous length of fiber.

3.6 Optical performance.

3.6.1 Change in optical tranamittance. When tested in accordance with 4.7.3.1, the
change in optical transmittance for the specified sample due to exposure of fiber to
mechanical (environmental and physical) tests shall not be greater than 0.5 decibel (dB)
for multimode fibers and 0.3 dB for single mode fibers.

3.6.2 Attenuation rate. When tested in accordance with 4.7.3.2, the fiber attenuation
rate at the wavelengths of operation shall be as specified (see 3.1).

-]
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3.6.2.1 Attenuation uniformity. Wwhen tested in accordance with 4.7.3.3, there shall be
no discentinuities in attenuation along the length of the multimode fiber greater than 0.2
dB and no discontinuities in attenuation along the length of the single-mode fiber greater
than 0.1 dB, for the specified wavelength).

3.6.3 Numerical aperture (for multimode fiber only). When applicable (see 3.1) and
when tested in accordance with 4.7.3.3, the numerical aperture shall be as specified (ace
3.1).

-

3.6.4 Bandwidth (for multimode fiber only). When tested in accordance with 4.7.3.4,
the fiber bandwidth at the wavelengths of operation shall be as specified (see 3.1).

3.6.5 Hacrébend attenuation. When tested in accordance with 4.7.3.5, the macrobend
attenuation shal) be not greater than 0.5 dB for multimode fibers and the macrobend
attenuation shall be not greater than 0.1 dB at 1300 + 20 nm or 1.0 dB at 1550 + 25 nm for

single-mode fibers unless otherwise specified (see 3. T). The mandrel radius shall be 3.8
centimeters and the numher of turna shall hp 100

iAo s il i =alds L

3.6.6 Chromatic Dispersion. When tested in accordance with 4.7.3.6, unless otherwise
specified, the zero dispersion wavelength of dispersion-unshifted single-mode fibers shall
be 1310 + 15 nm with a maximum dispersion value of 3.5 picoseconds per nancmeter-kilometer
(ps/nm-km) from 1290 to 1330 nm. When specified the dispersion at other wavelengths shall
be as specified (see 3.1). The value of the d%spersion slope at the zero dispersion
wavelength shall be not greater than 0.1 ps/nm“- The dispersion characteriatics for
all other single mode fibers shall be as specified (see 3.1). When specified, the
myltimode fiber zero dispersion wavelength and the dispersion sleope at the zero dispersion
wavelength shall be as apecified (aee 3.1}.

3.6.7 Cut-off wavelength {for single-mode fibers onlyj. When tesated in accordance with
4.7.3.7, unless otherwise specified (see 3.1), the cut-off wavelength of dispersion
unshifted single-mode fibers shall be between 1130 and 1330 nm. The cuteoff wavelength for
all other asinglemode fibers shall be as specified (see 3.1).

3.6.8 Transient attenuation (for multimode fibers only). When specified, and when
tested in accordance with 4.7.3.8, the transient attenuation for multimode fibers shall be
as specified (see 3.1).

3.7 Environmental performance.

3.7.1 Thermal shock. When tested in accordance with 4.8.1, there shall be no cracking
or melting of the fiber coating material and the change in optical transmittance shall not
exceed the requirements of 3.6.1.

3.7.2 Temperature humidity cycling. When tested in accordance with 4.8.2, there shall
be neo swelling or scftening of the coating material which causes the fiber diameter or
length to exceed the specified dimensional tolerances (see 3.1). The change in optical
transmittance shall not exceed the requirements of 3.6.1. The mechanical strippability
requirements of 3.5.3 shall be met.

3.7.3 Temperature cycling. When tested in accordance with 4.8.3, there shall be no
cracking or melting of the fiber coating material and the change in optical transmittance

shall not exceed the requ:.tement: of 3.6.1.

3.7.4 Life aging. When tested in accordance with 4.8.4, the change in optical
transmittance shall not exceed the requirements of 3.6.1. When returned teo ambient
temperature, visual inspection in accerdance with 4.7.2 shall reveal no cracking or
melting of the fiber coatings and the fiber coatings shall meet the mechanical
strippability requirements of 3.5.3.

3.7.5 Fluid ipmersion aging. When specified (see 3.1), and when tested in accordance
with 4.8.5, after removal of test specimens from the test fluid, the specimen shall meet
all the requirements of 3.7.10.

3.7.6 HNuclear radiation resistance. When specified {see 3.1), and when tested in
accordance with 4.8.6, the nuclear radiation resistance requirements shall be as specified
(see 3.1).
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3.7.7 Pungqus resistance. When specified, and vwhen tested in accordance with 4.8.7,
polymeric fiber materials shall be in accordance with MIL-5TD-454, requirement 4, for
fungus-inert materials or shall meet grade I classification of MIL-STD-810, method 508.
Care should be taken in handling tested fiber specimens to avoid altering of results or
self contamination.

3.7.8 Toraion. When specified, and when tested in accordance with 4.8.8, the fiber
shall not exhibit damage and the change in optical transmittance shall not exeeed the
requirements of 3.6.1.

3.7.9 Flexure. When specified, and when tested in accordance with 4.8.9, the fiber
shall not exhibit damage and the change in optical transmittance shall not exceed the
requirements of 3.6.1.

3.7.10 Dynamic tensile atrength. When specified, and when tested in accordance with
4.8.10, the mean fracture strength after each pericd of aging ahall be not less than 1.75
gigaPascals (GPa). The initial mean fracture strength shall be not less than 3.2 GPa.
The Weibull modulus shall be reported.

3.7.11 Storage temperature. When specified, and when tested in accordance with 4.6.11,
there shall be no cracking or melting of the fiber coating material and the change in
optical tranamittance shall not exceed the requirements of 3.6.1.

3.8 Ildentification marking. Unleas otherwise specified in the acquisition document or
in the specification sheet (see 3.1), the identification shall be applied to the outer
surface of the fiber spool. Identification marking shall include indicators of the
military specification number, specification sheet number, military Part or Identifying
Mumber (PIN), manufacturer's code, and a four character date code indicating week and
year. All markings shall be permanent and legible in accordance with MIL-STD-1285. When
specified (sce 3.1 and 6.2), a colored coating of the coptical fiber shall be as specified
(see 3.1 and 4.7.2).

3.8.1 JAN and J marking. The United States Government has adopted, and is exercising
legitimate control over the certification marks “JAN™ and "J" respectively, to indicate
that items so marked or identified are manufactured to, and meet all the requirements of
military specifications. Accordingly, items acquired to, and meeting all of the criteria
apecified herein and in applicable detail specifications shall bear the certification mark
*JAN" except that items too small to bear the certification mark "JAN® shall bear the
letter "3". The "JAN" or "J" shall be placed irmediately before the PIN except that if
such location would place a hardship on the manufacturer in connection with such marking,
the "JAN™ or "J" may be located on the firat line above or below the part number. Items
furnished under contracts or orders which either permit or require deviation from the
conditions or requirements apecified herein or in applicable detail specifications shall
not hear "JAN" or *J". In the event an item fails to meet the requirements of this
specification, and the applicable specification sheeta or detail specifications, the
manufacturer shall remove the "JAN" or the "J" from the sample teated and also from all
items repreasented by the sample. The "JAN® or "J" certification mark shall not be used on
products acquired to contractor drawings or apecifications. The United States Government
has obtained Certificate of Registration No. 504,860 fcr the certification mark “"JAN".

3.9 Workmanship {see 4.7.2). All detaila of workmanship shall be in accordance with
high grade optical fiber manufacturing practice. Fibers shall be dimensionally uniform,
free of lumps, kinks, splits, acraped or abraded surfaces and inclusioens.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract or
purchase order, the contractor is responsible for the performance of all inspection
requirements (examinations and teats) as specified herein. Except as otherwise specified
in the contract or purchase order, the contractor hay use his own or any other facilities
suitable for the performance of the inspection requirements specified herein, unless
disapproved by the Government. The Government reserves the right to perform any of the
inspections set forth in the specification where such inspections are deemed necessary to
ensure supplies and services conform to preacribed requirements.
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4.1.1 Responsibility for compliahce. All items shall meet all requirements of sections
3 and 5. The inspection set forth in this specification shall become a part of the
contractor's overall inspection ayatem or quality program. The absence of any inspection
requirements in the specification shall not relieve the contracter of the responsibility
of ensuring that all products or supplies submitted to the Government for acceptance
comply with all requirements of the contract. Sampling inspection, as part of
manufacturing operations, is an acceptable practice to ascertain conformance to
requirements, however, this does not authorize submission of known defective material,
either indicated or actual, nor dees it commit the Government to accept defective
material.

4.1.2 Prodyct assurance program. A product assurance program shall be established and
maintained in accordance with MIL-STD-790. Evidence of such compliance shall be verified
by the qualifying activity of this specification as a prerequisite for qualification and
continued qualification.

4.1.3 Test equipment and inspection facilities. Provision for test and measuring
equipment and inspection facilities of sufficient accuracy, quality, and quantity to
permit performance of the required inspections shall be the respensibility of the
contractoer. The establishment and maintenance of a calibration system to control the
accuracy of the measuring and test equipment shall be in accordance with MIL-STD-45662 and
as specified herein.

4.2 <Classification of inspections. The inspection requirements specified herein are
classified as followa:

a. Qualification inspection (see 4.5).
b. Quality conformance inspection (see 4.6).

4.3 Inspection conditions. Unless otherwise specified, all inspections shall be
performed in accordance with the test conditiona specified in EIA/TIA-45S5.

4.4 Materials inspection. Materials inspection shall consist of certification,
supported by verifying data, that materials used in fabricating the delivered fiber are in
accordance with the requirements of 3.4 and as specified (see 3.1}).

4.5 Qualification inspection. (Qualification inspection shall be performed at a
laboratory acceptable to the Government (see 6.3) on sample units produced with equipment
and procedures normally used in production. Group qualification shall be as specified in
6.3.2.

4.5.1 Sample. A finished optical fiber sample shall be submitted for each fiber
construction (see 3.1) for which qualification is desired (see 6.3.2). The sample size,
unless otherwise specified {see 3.1}, submitted shall be 7 each units of 1.1-km lengths

st b T wmnmls s a4 £ 1 1A
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4.5.2 Inspection routine. The samples shall be subjected to the qualification
inspection specified in table I in the order shown. In cases where certain requirements
and tests are applicable only when specified (see 3.1), these tests shall be conducted in
the order shown when specified in the appropriate specification sheet (see 3.1). Tests
which are not specified as applicable to a apecific fiber conatruction shall not be
conducted. All sample units shall be subjected to the inspection of group I. Specimens
shall be cut from each sample unit in lengths at least as long as specified in table I.
Test specimens from each sample unit shall be subjected to the tests of groups II and III
of table I; however, each test specimen shall be subjected to only one group of tests in
addition to group I. .

4.5.3 Fajlures, One or more failures shall be cause for refusal to grant qualification
approval.
i
4.5.4 Retention of gualification. To retain qualification, the manufacturer shall
forward a report at 12- and 36-month intervals to the qualifying activity. The qualifying
activity shall establish the initial reporting date. The report shall consist of:
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a. A summary of the results of the tests performed for inspection of product for
delivery (groups A and B}, indicating as a minimum the number of lots that have passed and
the number that have failed. The results of tests of all reworked lots shall be
jdentified and accounted for. Summary shall be submitted at 1Z-month intervals.

b. A summary of the results of tests performed for qualification verification
inspection {(group €), including the number and mode of failures. The aummary shall
include results of all qualification verification inspection tests performed gnd canpleted
during the 36-month period. If the summary of the test results indicated noncomformance
with specification requirements, and corrective action acceptable to the qualifying
activity has not been taken, action may be taken to remove the failing product from the
qualified prodducts list.

4.5.4.1 Failure to submit a report. PFailure to submit the report within 60 days after
the end of each 12 or J6é-month period may result in loss of qualification for the product.
In addition to the periodic submissjon of inspection data, the supplier shall immediately
notify the qualifying activity at any time during the 12 or 3é-month period that the
inspection data indicates failure of the qualified product to meet the requirements of
this specification.

4.5.4.2 No production. In the event that no production cccurred during the reporting
period, a report shall be submitted certifying that the company still has the capabilities
and facilities necessary to produce the item. If during two consecutive reporting periods
there has been no producticn, the manufacturer may be required, at the discretion of the
qualifying activicty, to submit a representative product of the optical fiber covered by
each specification sheet to testing in accordance with the qualification inapection
requirements.

4.6 Quality conformance inspection. Quality conformance inspection shall consist of
the inspections and tests specified for group A inapection (table II), group B inspection
{table II1), and group C inapection (table IV}.

4.6.1 1Inspection of product for delivery. Inspection of product for delivery shall
conaist of group A inspection.

4.6.1.1 Unit of product. A unit of product shall be 1100 meters.

4.6.1.2 Producrion unit. A production unit shall consist of product defined by the
sampling plan for which statistical group B sampling is uaed,

4.6.1.3 Specimen. A specimen shall be an individual length of fiber cut from the
sample unit. Unleas otherwise specified a minimum of the specimens shall be inspected
and tested from each sample unic.

-
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TABLE I. Qualification inspection.

i | | | | |
| Inspection | Requirement | Test | Applicable test | Specimen |
H | paragraph |paragraph | document } length |
| | | I [ l
| Group I i i | : |
| | | \ - * |
| Visual and mechanical | 3.4, 3.5, 3.7 14.7.2 | EIA-455-13 17 @ 1160 m |
| inspection | 3.8, 3.9, | | BEIA/TIA-455-60 | 1/

| \ | | | | |
| Core diameter | 3.5.1.3.4 4.7.1.1.4 | EIA-455-58 ) 2/ |
| Mode field diameter | 3.5.1.3.2 14.7.1.1.2 | EIA-455-167 or ] 2/ |
1 | | | EIA-455-164 | |
| Core ovality g 3.5.1.3.3 |14.7.1.1.3 | EIA/TIA-455-176 | 2/ ]
| Cladding diameter | 3.5.1.3.4 t14.7.1.1.4 | EIA/TIA-455-176 | 2/

| Cladding ovality | 3.5.1.3.5 14.7.1.1.5 | EIA/TIA-455-176 | 2/ |
| Core-to-cladding ! 3.5.1.3.6 14.7.1.1.6 | EIA/TIA-455-176 | 2/ |
| offset 1 | ] 1 |
| Coating diameter | 3.5.1.4.1 14.7.1.2.1 | EIA-455-173 i 2/ |
| Overall coating | 3.5.1.4.3 14.7.1.2.3 | EIA-455-173 [ 2/ I
| concentricity ratio | | | | |
| Mass/unit length | 3.5.1.3 14.7.2.4 | | 3/ |
| Attenuation rate | | | | |
| Multimode | 3.6.2 14.7.2.2.1 | EIA-455-46 | 3/ |
| Singlemecde ] 3.6.2 14.7.2.2.2 | EIA-455-78 |

| Attenuation uniformity| 3.6.2.1 14.7.2.2.3 | EIA/TIA-455-59 | 3/

| Numerical aperture 4/ | 3.6.3 14.7.3.3 | EIA/TIA-455-177 | 2/

| Bandwidth | 3.6.14 14.7.3.4 | BIA-455-51 | 3/

| Macrobend attenuation | 3.6.5 14.7.3.5 | EIA-455-62 | 3/ I
| Dispersion | 3.6.6 14.7.3.6 | EIA-455-175 | 3/

| cut-off wavelength 5/ | 3.6.7 14.7.3.7 | EIA-455-80 | 2/ 1
{ Transient attenuation | 3.6.8 14.7.3.8 | EIA-455-46 | 6/ |
| | | 1 | |
I Group II | | 1 | |
| | | | | I
| Tensile proof | 3.5.2 14.7.2.2 | BIA-455-31 | 4 @ 1100 m |
| Mechanical | 3.5.3 14.7.2.3 | EIAR/TIA-455-178 | 1/ |
| strippability | | | § |
| Fluid immersion aging | 3.7.5 14.8.5 I EIA/TIA-455-75 i 8/

| Dynamic tensile i 3.7.10 14.8.10 | EIA/TIA-455-28 ! a/

| strength } | ] | |
I | 1 | | |
| Group III | | | | |
| | | | | |
| Temperature cycling | 3.7.3 14.8.3 | MIL-STD-1678, | 3@ 1100 m |
{ | | | method 4010 | |
| Storage temperature | 3.7.11 l14.8.11 | MIL-STD-810 1 10/ l
| | | | methods 501 | 1
| Thermal shock | 3.7.1 14.8.1 | MIL-STD-1678, ! 10/

1 I | { method 4020 | - |
| Temperature humidity | 3.7.2 14.8.2 | MIL-STD-1678, | 10/

H cycling 1 | | method 4030 | l
{ Nuclear radiation | 3.7.6 14.8.6 | | 11/ |
| resistance 6/ | | | | |
| Fungus resistance | 3.7.7 14.8.7 | MIL-STD-810, | 12/ [
t | | | methed 508 | t
| Life aging | 3.7.4 14.8.4 | MIL-STD-202, I 10/ [
| | | | method 108 | I
| Torsion | 3.7.8 l4.8.8 , | EIA-455-63 | 12/ |
| Flexure b 3.7.9 t4.8.9 | EIA-455-65 | 12/

S5ee footnotes at end of table.
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TABLE 1. Qualification inapection. - continued

i | | | § i
i Inapection | Requirement | Test ] Applicable test { Specimen }
| | paragraph |paragraph | document | length [
! | | I 1 ]
| Group IV | | | | |
| i | | . | - |
| Thermal Vacuum 1 3.4.2.1 14.7.2.5.1 | ASTM-E-595 | 13/ l
i outgassing 1 I l | |
| Odor 1 3.4.2.2 14.7.2.5.2 | NHB-8060.1, TBST & | 13/ I
| Toxicity + I 3.4.2.2 14.7.2.5.3 | NHB-8060.1, TEST 7 | 13/ 1
| ] I | | ]

1/ The visual and mechanical inspection shall only be conducted on a 2 m section of the

apecimen.

2/ A specimen cut from each sample shall be used.

§/ The same specimen used in the visual and mechanical inspection shall be used.

4/ Multimode only.

E/ single-mode only.

&/ One 1100 m specimen shall be used for this test.

ZI A specimen cut from each tensile proof sample.

8/ The same sample used in the tensile proof sample shall be used.

8/ Two 1100 m specimens from the fluid immersion aging test shall be used.

10/ The same sample used in the temperature cycling test shall be used. -

11/ The fiber length shall be >200 m for residual gamma testing and >20 m for prompt gamma
and neutron testing.

12/ A specimen cut from each temperature cycling sample.

13/ Finished material fram a fiber sample.

4.6.2 Group A inspection. Group A inspection shall censist of the inspecticns and test
specified in table II.

TABLE II. Group A inspection.

Attenuation uniformity
1/ |

] | | ] 1
| Inapection | Requirement | Test | Applicable test |
| | paragraph | paragraph | document |
I | | 1 |
| 1 1 | |
| Group I | 1 | }
| I | | |
| visual and mechanical | 3.4, 3.5, 3.7 14.7.2 | BIA-455-13 |
t inspection | 3.8, 3.9, | | EIA/TIA-455-60 |
1 | | | |
| Core diameter | 3.5.1.3.4 | 4.7.1.1.4 | BIA-455-58 |
| Mode field diameter | 3.5.1.3.2 | 4.7.1.1.2 | BIA-455-167 or |
| l ] . | EIA-455-164 |
| Core ovality I 3.5.1.3.3 I 4.7.1.1.3 | BIA/TIA-455-176 }
| C€ladding diameter § 3.5.1.3.4 | 4.7.1.1.4 | BIA/TIA-455-176 |
{ Cladding ovality I 3.5.1.3.5 ] 4.7.1.1.5 | BIA/TIA-455-176 I
| Core-to-cladding | 3.5.1.3.6 1 4.7.1.1.6 | BIA/TIA-455-176 |
l offaet | | | |
| Coating diameter ] 3.5.1.4.1 | 4.7.1.2.1 | BIA-455-173 t
| Overall coating | 3.5.1.4.3 | 4.7.1.2.3 | BIA-455-173 i
| concentricity ratiol | | i
I Mass/unit length 1 3.5.1.3 | 4.7.2.4 | |
| | | i |
| Attenuation rate 1/ | | | |
{ a. Multimode | 3.6.2 | '4.7.2.2.1 | BIA-455-46 |
| b. Singlemode | 3.6.2 | 4.7.2.2.2 | EIA-455-78 I
| I 3.6.2.1 1 4.7.2.2.3 | EIA/TIA-455-59 |
1 | | |
i | | |

1/ These tests may be performed on the original reel from which a sample unit was cut.

-
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4.6.2.1 Sampling plan. Group A inspection shall be performed on 100 percent of
delivered product.

4.6.2.2 Disposition of sample units. Sample units from which a specimen has failed any
of the group A inapection tests shall not be delivered on any order.

4.6.3 Group B inspection. Group B inspection shall consiat of the inspections
specified in table III. Group B inspections shall be made on units that’ have passed the
Group A inspection.

4.6.3.1 Sampling plan. Sample units shall be selected from those types covered by a
single specification sheet in accordance with table IV, except that the cladding diameter
and cladding ovality shall be sampled at 100 percent, 3 months after the date of
notification of qualification and every 3 months thereafter, except when the total
production in a 3-month period is less than 2 units of product (2 Km) inspection need not
be made until either production is at least 2 units of product or a total of 12 months has
elapsed since the inspection was performed in which case only one sample unit shall be
tested.

4.6.3.2 Failures. Production units in which one sample unit has failed a group B
inspection test shall be rejected.

4.6.3.3 Rejected units. If a production unit is rejected, the supplier may screen out
the defective units of product (if possible}, and resubmit for reinspection. Resubmitted
production units shall be inspected using tightened sampling (see 4.6.4.2). Such
production units shall be separate from new production units, and shall be clearly
identified as reinspected production units.

4.6.3.4 Disposition of sample units. Sample units from which a specimen has failed any
of the group B inspections shall not be delivered on any order, even though the production
unit submitted is accepted.

TABLE III. Group B inspection.

| Inspection |Requirement | Test I Applicable test |
| | paragraph | paragraph | document |
| | | | }
[ | | | t
| Mode field diamecter | 3.5,1.2.2 | 4.7.2.1.2 | EIA-455-167 or |
i | | | EIA-455-164 |
| Core diameter | 3.5.1.2.1 | 4.7.2.1.1 | EIA-455-58 1
| Cladding diameter 1 3.5.1.2.4 | 4.7.2.1.4 | EIA-455-176 i
| Cladding ovality | 3.5.1.2.5 | 4.7.2.1.5 | EIA-455-176

i Tore ovality i 3.5.1.2.3 1§ 4.7.2.1.3 1§ EIA-455-176 i
| Core-to-cladding | 3.5.1.2.6 | 4.7.2.1.6 | BIA-455-176

| offset | | | |
| Coating diameter | 3.5.1.2.7 | 4.7.2.1.7 | EIA-455-173 |
| Ooverall coating { 3.5.1.2.8 | 4.7.2.1.8 | EIA-455-173 |
| concentricity ratio | | | |
i i | 1 |
] Numerical aperture | 3.6.3 | 4.7.3.3 | EIA/TIA-455-177 |
| Bandwidth | 3.6.4 | 4.7.3.4 | EIA-455-51 |
| Dispersion | 3.6.6 | 4.7.3.6 | EIA-455-175 !
| cut-off wavelength | 3.6.7 1 4.7.2.7 | EIA-455-80 |
| Tensile proof | 3.5.2 | 4.7.2.2 | EIA-455-31 t
| Mechanical I 3.5.3 |1 4.7.2.3 | EIA/TIA-455-178

| astrippability I | | |
| 1 | [ 1
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TABLE V. Sampling plan for group B inspection.

Sample unit
size

Units of product from
3-months production

2
3 to 8, inclusive
9 to 30, incluaive

31 to 90, inclusive

81 to 130, inclusive
131 to 180, inclusive
181 to 240, inclusive
241 to 300, incluasive

L
2
3
4
5
6
7
8
over 300 4

percent

o ——— - . - —— o —
fos i ——m— —— ] ——
—— o —————— o — — ——

4.6.4 Group C inspection. Group C inapection ahall consist of the inspections
specified in table IV. Group C inspection shall be made on sample units selected from
production lots which have passed the groups A and B inspection.

4.6.4.1 Sampling plan. Sample units shall be selected from those types covered by a
single specification sheet in accordance with table V. Group C shall be conducted 36
months after the date of notification of qualification, and every 36 months thereafter,
except when the total production in a 36-month period is less than 11 units of product;
inspection need not be made until production is at least 11 units of product.

4.6.4.2 Failures. 1If one or more sample units fail to pass group C inspection, the
production unit shall be considered to have failed.

4.6.4.3 Disposition of sample units. Sample unita which have been subjected to group C
inaspection shall not be delivered on the contract.

4.6.4.4 Noncompliance. If a sample fails to pass group € inspection, the supplier
shall notify the qualifying activity and the cognizant inspection activity and take
corrective action on the materials or processes, or both, as warranted. Acceptance of the
product shall be diascontinued until corrective action, acceptable to the Government, has
been taken. After the corrective action has been taken, group € inspection shall be
repeated on additional sample unita {all inapection, or the inspection which the original
sample failed, at the option of the Government). Groups A and B inspections may be
reinstituted; however, final acceptance shall be withheld until the group € reinspection
has shown that the corrective action was successful. In the event of failure after
reinspection, information concerning the failure and corrective action taken shall be
furnished to the cognizant inspection activity and the qualifying activity.

TABLE IV. Group C inspection.

] i ] l
} Inspection | Requirement | Test ' Applicable test 1
i | paragraph | paragraph | document i
| | | | !
I Subgroup 1 | | | 1
| Macrobend attenuationt | | EIA-455-62 [
| Temperature cycling | 3.7.4 | 4.8.4 | MIL-STD-1678, method 4010 |
| Storage temperature | | | MIL-STD~-810, methods 501 & 502 |
| | | l |
iSubgroup 2 | | | |
| Thermal ahock 1 3.7.1 | 4.8.1 | MIL-5TD-1678, method 4020 |
t{ Temperature humidity | 3.7.3 ] 4.8.3 ' | MIL-STD-1678, method 4030 l

l | | l

t cycling

-
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TABLE IV. Group € inspection. - continued

| | | | |
i Inspection iRequirement | Test i Applicable test

| | paragraph | paragraph | document |
| l | | I
| Subgroup 3 { | | - ]
| Nuclear radiation 1/ | 3.7.7 | 4.8.7 | |
| resistance T | | |
| Life aging | 3.7.5 | 4.8.5 | MIL-STD-202, method 108 [
| Torsion * | | | EIA-455-63 |
| Flexure | | | EIA-455-65 |
| | | 1 |
| Subgroup 4 | I | |
| Fluid immersion aging) | | EIA/TIA-455-75 |
| Dynamic tensile ! | | EIA/TIA-{55-28 |
| strength | | | |
| Dynamic fatigue in | | | EIA/TIA-455-76 |
| tension | I | 1
I | | | |
| Thermal Vacuum 1 3.4.2.1 | | ASTM-E-595 ]
! outgassing | ! | 1
| Odor | 3.4.2.2 | | NHB-8060.1, test & i
| Toxicity | 3.4.2.3 | | NHBE-8060.1, test 7 |
| | | | i
| | I | |

See footnotes on next page.
1/ only residual gamma radiation tests at the temperature of maximum change in optical
transmittance during qualification testing are required.
2/ These tests may be waived by the qualifying activity

TABLE V.

Sampling plan for group C inspection.

units of product from

Sample unit

| [

| |

iZz-months production i size i

| |

11 to 200, inclusive | 2 percent of sample |
201 to 500, inclusive | 2 percent of sample |
501 to 1000, inclusive | 2 percent of sample |
1001 to 1500, inclusive | 2 percent of sample |
over 1500 | 1 percent of sample |
1 |

4.6.5

Inspection of packaging.

The sampling and inspection of the preservation,

packing and container marking shall be in accordance with the requirements of 3

4.7 Methods of inspection.

4.7.1 BEquivalent tesat methods.

the following conditions:

a.
b.

The use of equivalent test methods is allowed subject to

the allowance of an equivalent method is specified in this specification.
the manufacturer has conducted both test methods during qualification and has

submitted complete test data to the Preparing Actjvity (PA).

<.
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Fiber length shall be measured in accordance
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4.7.2.1 Fiber geametry. FPiber geometry shall be determined as specified below.
4.7.2.1.1 Core diameter {(multimode fiber only). Core diameter shall be determined in
acecordance with EIA-455-58 {(see 3.5.1.2.1).

4.7.2.1.2 Mode field diameter (singlemode fiber onlg!. Mode field diameter shall be
determined in accordance with EIA-455-1 or EIA-455-164 {see 3.5.1.2.2). In zhe case of
a dispute between the two test methods, EIA-455-167 shall be used.

4.7.2.1.3 Core ovality Emultimode fiber only}. Core ovality ashall be determined in
accordance with EIA-455-1 (see 3.5.1.2.3).

4.7.2.1.4 Cladding diameter. cCladding diameter shall be determined in accordance with
EIA-455-176 (see 3.5.1.2.4).

4.7.2.1.5 <ladding ovality. Cliadding ovality shall be determined in accordance with
EIA-455-176 (sSee 3.5.1.2.5).

4.7.2.1.6 Core-to-cladding offset. Core-to-cladding cffset shall be determined in
accordance with EIA-455-176 {a3ee 3.5.1.2.6).

4.7.2.1.7 Coating diameter. Coating diameter shall be determined in accordance with
EIA-455-173 (see 3.5.1.2.7).

4.7.2.1.8 Overall coating concentricity ratio (OCCR). The overall coating
concentricity ratio shall be determined in accordance with EIA-455-173 {see 3.5.1.2.7).

4.7.2.2 Tensile proof. Fiber proof test characteristics shall be determined
in accordance with EIA-455-31 (see 3.5.2).

4.7.2.3 Mechanical atrippability. The strip force of each individual fiber shall be
measured in accordance with EIA/TIA-455-178. Pibers shall be stripped of their coatings
with the use of a commercially available mechanical fiber atripper. After stripping, the
fiber shall be inspected under 10X magnification for compliance (see 3.5.3).

4.7.2.4 Fiber mass/unit length (see 3.5.1.3). The fiber shall be measured using scales
with an accuracy of +5 percent to verlify conformance to the requirements.

-» PP e g I - - F
7. HMaterials tests LOrf spaceé &ppiications.

~
L

r
.

4.7.2.5.1 Thermal Vacuum Outgassing. Non-metallic materials shall meet the requirements
of 3.4.2.1 when tested in accordance with ASTM-E-595.

4.7.2.5.2 oOdor. Material samples shall meet the requirements of 3.4.2.2 when tested in
accordance with NASA Handbook 8060.1, Test 6.

4.7.2.5.3 Toxicity. Material samples shall meet the requirements of 3.4.2.3 when
tested in accordance with NASA Handbook B8060.1, test 7.

4.7.3 Optical inspections.

4.7.3.1 Change in optical transmittance. This test shall evaluate the change of
attenuation of the fibers due to exposure to one or more inspection {environmental and
physical) tests (see 3.6.1). The wavelength tested shall be as specified in the
applicable apecification sheet (see J.1). The periodicity of the measurement shall be
appropriate for the test method and as approved by the qualifying activity.

Source: https://assist.dla.mil® Downloaded: 2016-12-31T20:47Z
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4.7.3.1.1 Method. The change in optical transmittance of each fiber shall be measured
in accoerdance with RS-455-20, utilizing a monitor fiber taken from the same sample under
test, to evaluate the change in attenuation due to exposure to environmental and physical
tests. Light launch conditions for multimode fiber shall be as specified in EIA-455-50.
For multimode fibers, the source used shall be non coherent. Any optical power detection
method may be utilized if the method is sufficiently sensitive to measure the differential
optical power levels as specified (see 3.6.1}, and if the method provides repeatable
readings (leas than 3 percent variation). A pretest optical power measurement shall be
made and the specimen shall then undergo inspection testing. All optical power
measurements, subsequent to the pretest measurement, shall be referenced to the pretest
value and the change in dB calculated.

4.7.3.2 Attenuation rate (see 3.6.2}.

4.7.3.2.1 Attenuation rate (for multimode fibers only). The attenuation rate of each
individual fiber shall be measured in accordance with EIA-455-46., Light launch conditions
utilized during the attenuation rate measurements shall be in accordance with EIA-455-50,
procedure B or eguivalent {(see 3.6.2}.

4.7.3.2.2 Attenuation rate (for singlemode fibers only). The attenuation rate of each
individual fiber shall be determined in accordance with EIA/TIA-455-78.

4.7.3.2.3 Attenuation uniformity. The attenuation uniformity of each individual fiber
shall be measured in accordance with EIA-455-59. The uniformity shall be measured from
both ends of the fiber, and shall meet the requirements specified in 3.6.2.1.

4,.7.3.3 Numerical aperture. The numerical aperture shall be determined in accordance
with EIA-455-177 (see 3.6.3).

4.7.3.4 Bandwidth. The multimode fiber bandwidth shall be determined in accordance
with EIA-455-51 or equivalent using the light launch conditions of EIA-455-54. The
bandwidth shall meet the requirement specified in 3.1 and 3.6.4.

4.7.3.5 Macrobend attenuation. The macrobend attenuation of each individual fiber
shall be measured in accordance with EIA-455-62. Launch conditions shall be in accordance
with 4.7.3.1.1. Macrobend attenuation shall meet the requirements specified in 3.6.5.

4.7.3.6 Chromatic Dispersicon. The chromatic dispersion characteriatics for single-mode
fibers shall be determined in accordance with EIA-455-175 or equivalent (see 3.6.6}.

4.7.3.7 Cutoff wavelength. The cutoff wavelength of singlemode fibers shall be
determined in accordance with EIA-455-80 (see 3.6.7).

4.7.3.8 Transient attenuation. The transient attenuation shall be measured as followa.
The attenuation shall be measured in accordance with EIA-455-46 using overfilled launch
conditions without mode filter or cladding mode strippers. Then the attenuation of the
sample shall be measured in accordance with EIA-455%-46, procedure B. The transient
attenuation is defined as the difference in the two attenuation values obtained.

4.8 Environmental inspections. .

4.8.1 Thermal shoeck. The characteristica of the optical fiber when exposed to
temperature shock shall be determined in accordance with MIL-5TD-202, method 107. Test
candition A shall be utilized. Temperatures shall be -82C {+DC, -3C) and +85C (+3C, -0C)
{(see 3.7.1). The change in optical transmittance shall be measured after the test.

4.8.2 Temperature humidity cyecling. The fibers shall be tested in accordance with MIL-
STD-1678 method 4030 (see 3.7.2). The change in optical transmittance shall be measured
during and after the test.

i
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4.8.3 Temperature cycling. The fibers shal! be tested in accordance with the following
conditions and cycle (see 3.7.3):

Step Temperature (C) Duration (hours)
1. Room ambient . 24 -
2. Reduce to -54C to +0C, -3C 2

3. Hold 8

i. Increase to +25C +2C 2

$5. Hold 6

6. Increaae to +85C +3C, -0C 1

7. Hold 6

8. Reduce to +25C +2C 1

9 Hold 6

10. Repeat steps 2 through 9 four additional times for a total of five cycles.
Change in optical transmjittance shall be measured during and after the test.

4.8.4 Life aging. The fibers shall be tested in accordance with MIL-STD-202, method
108. Temperature shall be +95C +3C, -0C. The time shall be 500 hours. The frequency of
change in optical transmittance measurements shall be daily {see 3.7.4}.

4.8.5 Pluid immersion aging. The fiber shall be immearsed in the specified fluids(s)
for the duration and temperature as specified (see 3.1) in accordance with EIA-455-75.
The samples shall be dried or drained as recommended in the test procedure. After a
minimmm 24 hour period, the samples shall be tested in accordance with EIA-455-28 (see
3.7.5).

4.8.6 Nuclear radiation resistance. The fibers shall be tested as specified in the
appendix to this specification for gamma radiation, prompt gamma radiation, and neutron
radiation (see 3.7.6). Optical characteristics shall be verified at the low cperating
temparature and at 25C, The change in optical tranamittance shall be measured during and
after the test. If the change in optical tranamittance at 25C is greater than the change
in optical transmittance at the low operating temperature, the fiber shall be tested at
the high operating temperature.

4.8.7 Pungus. The fibers shall be tested in accordance with MIL-STD-810, method 508

4.8.8 Torsion. The fiber shall be tested in accordance with BIA-455-63. The test
length shall be 10 meters and the twist angle shall not exceed 15 degrees. The tensile
load shall be 350 MPa, and the total torque shall be 25 N-cm. The change in optical
transmittance shall be measured during and after this test.

4.8.9 Flexure. The fiber shall be teated in accordance with EIA-455-65. The teat
length shall be 10 meters and the test temperature shall be the low operating temperature.
The test shall consist of 25 cycles of 5 turna about a 30 rm diameter mandrel. The change
in optical transmittance shall be measured during and after this test.

4.8.10 Dynamic tensile strength. Fifteen fiber apecimens shall be preconditioned in 100
percent relative humidity for an minimm of 12 houra. The specimens shall then be teated
in a 100 percent RH environment in accordance with EIA-455-28. The mean fracture strength
and Weibull modulus shall be calculated {see 3.7.10).

4.8.11 Dynamic fatigue in tension. The fiber sapecimena shall be preconditioned in 100
percent RH for a minimum of 12 hours. The specimens shall then be tested in a 100 percent
RM environment in accordance with EIA-455-176. The stress corrosion parameter, n, shall
be calculated (see 13.7.11). .

4.8.12 Storage temperature. The fibers shall be tested in accordance with MIL-STD-810,
method 501, procedure I and method 502, procedure I (see 3.7.12). Test duration shall be
240 hours. The change in optical transmittance shall be measured after the test.
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S. PACKAGING

5.1 Packaging regquirements. Unless otherwise specified in the contract (see 6.2) and
except as specified herein, the requirements for the packaging of optical fiber shall be
in accordance with standard commercial practices.

5.2 Reels and spoola. The optical fiber of each reel or spool shall have at least 1
meter of each end readily available for tesating. The inner end shall be available at the
outer surface of the reeled optical fiber. Both ends of the optical fiber shall be

mmeimad o A Y aemewn
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5.3 Marking of reels and spools. 1In addition to the marking specified in MIL-STD-129,
each reel or spool shall be marked with the manufacturer's part number, Federal Supply
Code for Manufacturera, the length of fiber and the specification sheet number.

6. NOTES
(This section contains information of a general or explanatory nature that may be
helpful, but is not mandatory)

6.1 Intended use. The optical fibers covered by this specification are intended for
use in any application where their performance characteristics are required. The fibers
are suitable for installation on aerospace systems within the limitations of applicable
performance requirements.

6.1.1 Temperature rating. Temperature ratings as specified in specification sheets
pertaining to this specification represent the maximum permissible operating temperature
range of the fiber.

6.1.2 Materials compatibility. The coating of the fibers covered by this specification
may be degraded by certain fluids or compounds. If such degradation occurs, the fluids or
compounds and the conditions necessary for failure shall be added to the specification
sheet as a precautionary note.

6.2 Ordering data. Acquisition documents must specify the following:

a. Title, number, and date of this specification.

b. Applicable specification sheet number, title, and date.

c. Applicable specification sheet part number.

d. Quantity of fiber required.

e, Level of packaging and packing required.

f. cColor coded coating of the optical fiber, if specified (see 3.8).

g. Equivalent test methods as approved by the qualifying activity, if ether than as
specified (see 4.7).

h. Exceptiona, if any to the optional provisions of this specification including:

(1) Exceptions to identification of product requirements {3.6) if applicable.
{2) Applicable minimum length requirements, if other than specified.

{3} Responsibility for inspection, if other than specified in 4.1.

(4} Special preparation for delivery requirements, if applicahle (section 5}.

i. Any data requirements.
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6.3 Qualification. With respect to products requiring qualification, awards will be
made only for such producta which are, at the time of award of contract, qualified for
inclusion in Qualified Products List QPL No. 49291 whether or not such products have
actually been so listed by that dats. The attention of the contractors is called to these
requirements, and manufacturers are urged to arrange to have the products that
they propose to offer to the Federal Government tested for qualification in order that
they may be eligible to be awarded contracts or purchase orders for the.produtts covered
by this specification. The activity responsible for the Qualified Products List is the
US Army Communicaticna-flectronics Command. The Defense Electrenics Supply Center, DESC-
EQ, Dayton, OH 45444, haa been designated by the US Army Communicatjons-Electrenics
Command as agent for the establishment of the QPL. Requests for informaticn pertaining
to and applications for qualification should be addressed to: Defense Blectrenies Supply

Center, DESC-EQ, Dayton, OH 45444.

6.3.1 Conformity to qualified sample. It is understood that fiber supplied under
contract shall be identical in every respect to the qualification sample tested and found
satisfactory, except for changes previously approved by the Government. Any unapproved
changes from the qualification sample shall conatitute cause for rejection.

6.3.2 Extent of qualification. In instances vhere two or more specification sheets
cover fibers identical in materials and conatruction except for attenuation, the fiber
with the lowest attenuation range shall be submitted and shall meet all the requirements
of this specificaticn and the specification sheet (see 3.1). Qualification may be
extended to include those fibers with higher attenuation provided the samples submitted in
accordance with 4.5.1 meet the attenuation and fiber size specified in the specification
sheet.

6.3.3 Porwarding of qualification samples. Samples and the manufacturer's certified
test reports shall be forwarded to the testing laboratory designated in the letter of
authorization from the activity reapenaible for qualification (aee 6.3), plainly
identified by securely attached, durable tags marked with the following information:

Sample for qualification test.

Fiber, Optical, GENERAL SPECIFICATION FOR,.
Specification sheet part number.
Manufacturer's name and code number.
Manufacturer's part number

Comprehensive deacription and prime manufacturer's name and formulation number of the
base materials from which the product is made. This information will not be divulged by
the Government.

Place and date of manufacture of sample.

Submitted by (name) (date) for qualification teats in accordance with the
requirements of this aspecification under authorization (reference authorizing letter).

6.3.4 Application for qualification.

6.4 Dpefinitions. Definitions of terms shall be in accordance with EIA-440 and the
following:

6.4.1 Cladding ovality. The cladding ovality is the measure of the degree of roundness
of the cladding. It is expreased as the difference between the largest cladding diameter
and the cladding diameter measured at right angles to it, all divided by the average of
the two valuas,

Source: https://assist.dla.mil® Downloaded: 2016-12-31T20:47Z
Check the source to verify that this is the current version before use.



MIL-F-49291B

6.4.2 Core/cladding offset. The core/cladding offset is the distance between the
central axis of the core and the central axis of the cladding.

6.4.3 Core ovality. The core ovality is the measure of roundness of the core. It is
expresses as the difference between the largest core diameter and the core diameter
measured at right angles to it, all divided by the average of the two values.

6.4.4 Fiber/coating offset ratio. Fiber (core/cladding) to coating offset ratio is
determined by measuring the minimum wall thickness ( min.) and the maximum wall thickness
{ max) and dividing the minimum by the maximum value (see figure 1).

%

6.4.5 Transient attenuation. Transient attenuation, in multimode fiber, is the
increase (or decrease] in attenuation from the steady-state attenuation because of the
over {or under) excitation of the lossy high order propagating modes compared with the
steady-state distribution, The steady-state distribution is the condition in which the
relative power distribution among the propagating modes is independent of longitudinal
distance.

6.5 part or Identifying Number {(PIN}. The PIN shall be conatructed in accordance
with the following:

M49291/ X - XXX
optical fiber |
basic specification |

optical fiber
specification sheet

Serial number

Examples:
M49291/1-001
M49291/2-001

6.6 Subject term (key word) listing.

Aperture, numerical
Attenuation, optical
Bandwidth, fiber
Coating material
Coating, fiber
Cladding
Core
Diameter, cladding
Diameter, core
Distortion, pulse
Fiber, optical
Fiber optics
Fiber, plastic clad silica
Graded index profile
Inclusion
Microbending
Microbend loss
Profile, index
Profile, refractive index
Refraction, index of
Volume, mode
6.7 Changes from previous issue. Marginal notations are not used in this revision to
identify changes with respect to the previous issue due to the extensiveness of the
changes.
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APPENDIX

PROCEDURE TO MEASURE NUCLEAR RADIATION
EFFECTS IN FIBER OPTIC COMPONENTS

10. SCOPE

10.2 Scope. This procedure describes a method for the determination of transient and
steady-state nuclear radiation effects in optical tibera, cables or devices. It should be
noted that sither or beth of the measuremenis can be performed depending on the data that
is desired. This appendix is a mandatory part of the specification. The information
contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS
This section is not applicable to this appendix.
30. TEST EQUIPMENT
30.1 Test equipment. The following test equipment shall be used as required for
testing 1n the configuration as shown. Optical, mechanical and thermal stability of the

test setup is necessary to facilitate movement of the test setup enabling the test sample
to be subjected to environmental tests following the coupling loas test,

30.1.1 Radiation source. Three typea of sources depending on the type of measurement
being performed are as follows.

30.1.1.1 Transient radiation pulse response. A source shall produce at least 450 rads
{(S1) total doase with a pulse width of 1 us or lesa. (A bremsstrahling x-ray beam may be
obtained by placing a tantalum target in front of the electron beam.) An example of the
test equipment is shown on figure 1.

30.1.1.2 Steady-stats response, The contadiner is placed in 2 £obalt-60 ssurce to
deliver garma rays at doses from 3000 + 100 rads (si minimnm to 18,000 + 100 rads (Si)
maximum. An example of test equipment is shown on figure 1.

30.1.1.3 Neutron fluence measurements. The container is placed in a_reactgr which
delivers a density of fast neutrons (<1 MsV) at a nominal fluence of 10'“n/cm®-second. An
exarple of the test equipment is shown on figure 2.

30.2.2 Light source. A light source shall be sued with an ocutput power of about 100 uW
but not more than lmW for multimode fiber. Note: 1If a ascurce of more than 100 uW is
used, photo-bleaching phenomenon may occur. Lower power levels may be usable depending on
the dynamic range of the overall system. For single mode fiber the power may have to be
increased to get adequate light coupled into the fiber. Wavelengtha of 850 +- 10nm and
1300 +- 10nm shall be used unless otherwise specified.

30.1.3 Input optics. A system of optical components shall be used to create a
monochromatic (less than or equal to 10 nm full width half maximum (FWHM)), substantially
constant radiance spot larger in diameter than that of the specimen, unless otherwise
specified by another fiber optic test procedurs. A means of verifying the alignment of
the endface shall be provided, such as a mounted telescope tube. Optical filters may be
used to limit the spectral bandwidth of the source. For multimode fibers, an equilibrium
mode aimulator shall be utilized (see 30.1.7).

30.1.4 Specimen support and alignment. A means of supporting the input
specimen shaIl be arzanged to allou atnhle and repeatable poaitioning with
introducing significant deformatien. Suitable means shall be provided to
endface with respect to the launch radiation.

-
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30.1.5 Cladding mode stripper. Cladding mode stripper is a device which extracts only
cladding modes and i3 used reasonably near the ends of the fiber under test. In an effort
to completely characterize the fiber, two measurements will be performed for each test:
One measurement without any cladding mode strippers and one with cladding mode strippers
on each end of the test fiber. It is felt for short lengths of fiber there will be
cladding mode preopagation in actual system use hence, no mode strippers are used. If an
index-matching fluid which is hygroscopic (such as glycerin) is used, it shald be
replenished frequently. If the fiber is to be held against a flat, horizontal surface
containing the index-matching fluid, small weights may be used to held it in intimate

contartr

Lt LRS- 3 ) S

30.1.6 Detector, signal detection electronics. A detector which is linear within S
percent over the range of detected intensities shall be used. A typical system may
include a PIN photodiode, with a rise/fall time of 1 n3s or lower; an oacilloscope with a
bandwidth of 200 MHz for the transient response measurement, and a chart recorder for the
steady-state measurement.

30.1.7 Equilibrium modal simulator (EMS). An EMS is used to attenuate higher order
modes and to arrive at a steady-state condition, only for multimode, graded-index fiber.
There are a number of methods to accomplish this: A mandrel-wrapped mode filter or a
restricted launch condition created by beam optics are examples. Refer to FOTP-50 (RS-
455-50), "Light Launch Conditions for Long-Length Graded-Index Optical Fiber Spectral
Attenuation Measurements” for directions on how to measure for the light launch
conditions. In an effort to completely characterize the fiber, an EMS will be used with
the cladding mode strippers and not used during the measurement done without cladding mode
strippers.

30.1.8 Beam splitter. A beam splitter or fiber optic coupler shall be used to couple
the light beam into the specimen fiber and provide a reference signal. The splitter or
coupler shall divert a small portion of the input light to a reference detector. The
reference path shall be such that the system fluctuations can be monitored during the
entire time that measurements are taken (see figure 1}.

30.1.9 PFiber support. A means of stable support for the input end of the fiber shall
be arranged (for example, a vacuum chuck can be used). The total length of the fiber
shall be handled such that microbending attenuation is kept to a minimum.

30.1.10 Radiation dosimeter. The detection system will be dependent on the type of
radiation source used,

30.1.10.1 Transient radiation pulase, A Faraday Cup and a plastic scintillator detecror
shall be used to determine the transient radiation shape. A 200 MHz bandwidth
oacilloscope shall be part of the scintillator detection syatem. Thermoluminescent LiFs
or CaFs Crystal Detectors (TLDs) shall be used to measure the total dose received by the
specimen fiber.

30.1.10.2 Long duration radiation. TLDs shall be used to measure the total dosze
received by the specimen fiber.

30.1.11 Collimator. By placing the fiber behind the collimator, the radiation beam
will be collimated with respect to the fiber. This will limit the length of fiber subject
to radiation.

30.1.12 Interference filter. A 10nm bandwidth interference filter shall be placed
between the output of the fiber and detector. The filter shall have a center wavelength
that matches the optical source.

30.1,13 Temperature controlled container. The temperature controlled container shall
have the capability of temperatures from -55°C to +125°C. The chamber shall be remotely
controlled or programmable to allow change of chatber temperature. The chamber shall be
capable of a rate of change of 2°C minimum. The chamber shall be able to maintain a
temperature 10 + 1°C.

.
s
x
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40. TEST SAMPLE

40.1 Specimen. The specimen to be measured shall be a component such as an
interconnecting device or a length of representative fiber or cable. The minimum length
of the specimen outside the chamber shall be that which is required to install the fiber
from the source to the detector, unlesa otherwise specified (see 3.1). The maximum length
shall be ten times the exposed length or 1 km, whichever is shorter, unlesa osherwise
specified (see 1.1).

40.2 Reference path. The reference path shall be through the beam aplitter and
associated optics (see figures 1, 2, or 3).

40.3 Measured teat length. The length of the test fiber shall be recorded in the
results, if different from the 1 km length specified above.

40.4 Sample configuration. Unless otherwise specified, the specimen for the steady-
state evaluation shall be spooled on a reel with a 4- to 12-inch drum diameter, which will
depend upon the sample length. Allowance shall be made for the unspooling of a measured
length of fiber from each end of the reel to allow for attachment tc the optical power
measurement eguipment.

40.5 Exposed length. The length of the exposed section of specimen will vary for the
test setup used, the nature of the specimen, etc. For a particular measurement system,
for example, the experimenter may find that up to 250 m of exposed specimen, may be
necessary to obtain an accurate loss measurement. In any event, the length of specimen
exposed shall be noted in the test report,

40.5.1 Exposed length {(minimum) {see 3.1). Unless otherwise specified, the recommended
minimum exposure lengths given below shall be sued for measurement at noted:

Measurement Specimen type Exposure section length
Transient Glass-on-glass 50 +- 5 m

Plastic or plastic-

clad silica 50 +- 5 m
Steady-state Glass-on-glass 50 +- 5 m

Plastic or plastic- S0 +- 5 m

clad silica
50. TEST PROCEDURE

50. High dose calibration. If the specimen is to be teated at a high dose-rate,
1 [ e PR

1
ibration of the radiation source shall be done before the specimen is set up in the
system. Four TLDs shall be placed in the area of exposure and the center of the TLDs
shall be placed where the axis of the specimen will be placed (Four are uzed to get a
representative average wvalue.) A dose equal to than the actual test dose ahall be sued teo
calibrate the system.

50.2 cCalibration accuracy. To maintain the highest poasible accuracy in measuring the
test dose, the TLDs shall not be used more than more.

50.3 Transient radiation pulse calibration. If a transient radiation pulse is to be
used, the pulse width and shape shall be calibrated to obtain the required radiatien
exposure.

50.4 Numerical aperture (NA}). Determine the far-field NA of the specimen under test by
the method of FOTP-47, "Output Far-Field Radiation Pattern Measurements.” This is done so
that the input optics can be adjusted to obtain an overfilled NA and core conditions.

50.5 System exposure effects on calibration. Before the specimen is put into the
radiation exposure system, but while the specimen is connected to the optical measurement
system, the radiation source shall be run to determine ita effect on the system. If the
measurement is affected by operation of the radiation scurce, the measurement system shall
be shielded against the interference and recalibrated to assure the proper operation.
Note: The measurement system should be outside the radiatien chamber.
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50.6 Specimen preparation. If the input to the specimen or the specimen itself is a
fiber, then the fiber shall be prepared so that the endfaces are smooth and perpendicular
to the fiber axis, in accordance with FOTP-57, “Fiber End and Fiber Bundle Terminum
Preparation”.

50.7 Specimen mounting facilities. The specimen shall be placed in the test setup (see
figure 1, 2, or 3) such that the test section shall be exposed to the beam. -

50.7.1 Piber alignment. For fiber input, the input end of the fibers shall be placed
in a positioning device and aligned. The output end shall be positioned so that all light
exiting the fiber impinges on the detector.

50.8 Sample precondition. The sample shall be preconditioned for 2 hours prior to
testing at the test temperature.

50.9 Coupled power. The coupled power shall be determined at the test wavelengths by
adding the power loss of the fiber or fiber optic device, or both, to the absolute power
at the detector-end of the long length.

50.9.1 Attenuation measurement. Perform an attenuaticn measurement on the teat sample
in accordance with the methods of FOTP-46 (RS-455-46), "Special Attenuation Measurement”
for long-length, graded-index optical fibers. Por graded index fibers, or in accordance
with FOTP-20 {RS-455-20), "Measurement of Change in Optical Transmittance” for other
fibers. Record the attenuation, A, of the sample.

50.9.2 System restoration. Restore the system as outlined in 50.7.1 to get ready for
the actual measurement.

50.10 System alignment, radiation source off. The input end of the apecimen under test
shall be positioned soc maximum optical power is received at the detector. Once set, the
input launch conditions should not be changed during the balance of the test.

50.11 Preirradiation power measurement. Prior to irradiation, measure the output power
at all teat wavelengths at the test temperature that will be used.

50.12 Irradiation exposure. Once the system has been aligned, the irradiation sequence
may begin (either step 50.13, 50.14, or 50.15).

50.13 Transient radiation pulse measurements. The tesat transient radiation effects ia
determined by subjecting test specimen to at leaat 450 rads (5i) total dose in a time
peried of 1 us or less. During the radiation pulse, the detector may be inoperative to
eliminate the effects of the luminescence caused by the radiation. Begin optical power
measurements 100 ns after the radiation pulse is terminated. The measurement schedule
thereafter shall be as follows:

Time after radiation terminated Measurement fregquency
From To Every
10C ns 1 us 100 ns
1 us 10 us 1 us
10 us 100 u»s 10 us
100 us 10 ms 100 us
10 ms 1l 10 ms
1 s 10 » 100 ms
10 s 10 minutes 10 s
10 minutes 30 minutes 3? L]

-
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50.14 Steady-state measurements. Steady-state nuclear effects shall be determined by
subjecting the test specimen to dose rates of 50 rads (S5i) second with a total dose of up

to 10,000 rads (Si). A 60°C source or eguivalent shall be used to provide the radiation,
During the radiation expoaure, the power out measurement is recorded continuously. A

chart recorder shall be connected to the detection system so that a continuous power
measurement is made. The chart recorder shall be set up such that the detection signal

does not exceed the limits of the recorder. . -

50.15 Neutron fluence measurements. Neutron fluence effects shall be dete ined gy

subjecting the test specimen to a neutron exposurs at a nominal fluence of 1" N/cm

pulse of approximately 1 ms. During the neutron pulse, the detector may be 1noperat1ve cO
eliminate the effects of the luminescence caused by the radiation.

50.16 Relative detected power measurement. For transient and neutron testing,
measurements shall continue until the output power is within 5 percent of the
prexrrdu.x.a(.eu J.EVEJ. ¢r to the po:.nc where the oucput power vaJ.ue IOI three eﬁﬁﬁéfﬁ'ﬁi‘ié
measurements. For the ateady-state testing, measurements shall continue until the output
power is within 5 percent of the preirradiated level or to the point where there is no
perceivable change in cutput power. Repeat steps 50.6 through 50.12 for the required test
temperatures. It will be necesasary to use a new nonirradiated specimen for each

temperature required.

50.17 Radiation hardening. If radiation hardening is required by the specification
sheet (See 3.1), the following operational sequence shall be followed:

a. Steps 50.1 through 50.12 shall be performed.

b. The specimen shall be subjected to radiation two orders of magnitude greater
than the level at which the specimens will be tested.

c. The specimen shall be teated after the output power has decreased to within 5§
percent of the preirradiated level or to the point where there is no perceivable
change in output power.

d. Steps 50.12 through 50.17 shall be performed to determine the radiation
hardening characteristics of the specimen.

60. CALCULATIONS

60.1 Far-field numerical aperture calculations. See FOTP-47.

60.2 Coupled power into fiber. To find the coupled power into the specimen from the
source, the following formula is used:

=] - -]
K

P = i
c r

\
ol
where Py, = Power output from long length.

A, = Attenuation of specimen, as determined 50.9.1.

60.3 Change in optical transmittance calculations. The change in Optical Transmittance
(A} shall be calculated for each wavelength by using the following formula:

A (in dB) = -10 log 10 (P /Pp)
where Pp is the measured output of the specimen fiber after irradiation -
Pp is the measured cutput of the specimen fiber before irradiation

In case of the radiation hardening section, Py is the measurement before the last
irradiation.

60.4 Normalized change in optical transmittance calculations. The results of the
reference signal shall be used to normalize the test results.

Ages (in dB) = -10 log 10 (Pp1/Pgl}
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where Ppl is the power at the reference detector at the end of the measurement.

The test results that are normalized for system fluctuations are found by use of the
following formula:

Anor {in dB) = A - Aref

where A ., i3 the output power of the specimen fiber when normalized lqafist systen
fluctuations.

70. DOCUMENTATION
70.1 Test report. The following information shall be reported:
a. Operator.
b. Date.
€. 1ldentification of specimen. FPiber characteristics asuch as fiber compoaition,
fiber dimenaions and delta index change shall be reported.
d. Optical source type, wavelength and apectral width.
e. Optical source characteriatics, i.e., spot size and beam numerical aperture.
f. Method of stripping cladding modes.
g. Length of apecimen of fiber.
h. Length or ares of specimen exposed to the radiation.

i. Por Transient Pulse Measurement, the behavier of the detector to a 300
picosecond rise time pulse at 850 and 1300 nm shall be documented.

j. Tho specimen's and reference's output power with respect to time shall be
recorded.

k. Characteristics of the interference filters.
1. The calculated input ccupled power into the test fiber shall be recorded.
860. SUMMARY

80.1 Regqu

i The feollowing shall b
specification

a. Type of aspecimen material to be tested.
b. Procedure number to be referenced (FOTP).
<. T;st conditions.
{1) Temperature.
{2) Length of specimen section exposed.
{3) Type of radiation.
(4) Exposure rate and duration. '
(5) Type of dosimeters used.
(6) Type of measurement {transient or steady-state).
(7) Whether radiation hardening is to be tesated.
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d. Acceptance criteria.
(1) Specimen response characteristics.
{2) Recovery time of specimen.

{3) Allowable permanent damage.

Custodians:
Army - CR
Navy - EC
Air Force - 85
NASA - NA

Review activities:
Army - AR, MI, SC
Navy - EC, OS
Air Force - 11, 13, 99
DLA - ES

User activity:
Army - AV

Preparing activity:
Army -CR

Agent:
DLA -ES

(Project 6010-0036)
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